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Abstract 
Highway pavement performance gradually declines with the increase of highway life and traffic load times. In order to study the 
pavement performance decay rule, the paper considers the impact of pavement structure and traffic load matching relation on the 
pavement performance. The concept of pavement "structure - traffic index" is introduced, the decaying relation is established by 
considering "structure - traffic index", highway surface evenness, pavement structure strength and pavement anti-sliding ability. 
Finally, the prediction model of highway routine maintenance cost model is set up. The department of transportation can use the 
result to plan the maintenance investment. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
Pavement performance gradually declines with the increase of highway life and the traffic load times, its 
changing law is closely related to the pavement structure in the past [1]. However, the study of the relation between 
the comprehensive influences is relatively rare.  
This article considers the impact of pavement structure and traffic load matching relation on the pavement 
performance. The concept of pavement "structure - traffic index" is introduced, the decaying relation is established 
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by considering "structure - traffic index", highway surface evenness, pavement structure strength and pavement anti-
sliding ability. 
2. The pavement structure-load matching relations 
2.1. Pavement structure index 
To study the effect of the pavement structure on pavement performance and maintenance cost, pavement 
structure index SI is put forward to characterize pavement performance considering the influence of pavement 
structure and material, Reference the AASHTO Guide for the Design of Pavement Structures [2], combining with 
the actual condition of Chinese highway [3], pavement structure index SN is defined as the function of pavement 
course thickness and the course coefficient. The calculation method is as follows: 
SI = a1* D1+ a2* D2 + a3* D3 + a4* D4 + a5* D5   (1) 
Where D1, D2, D3, D4, D5 respectively means the thickness of the surface course, the middle surface course, the 
lower surface course, the base course and subbase course (unit: cm); a1, a2, a3, a4, a5 are course coefficients, 
which are related with the nature of each structure course material, composition, and can be determined by the 
formula or a relevant experiment curve: 
For asphalt concrete pavement course, through analyzing the structure of Chinese highway, the formula is 
established between course coefficient of asphalt concrete course and the elastic modulus E when materials at 20 ć
(68°F), so as to determine the course coefficient of asphalt concrete course:  
0.2 8 *10 - 5a = E  (2) 
For the semi-rigid pavement base: 
0 .05 5 *10 - 5a = - E  (3) 
For the granular base course: 
0.35 0.676a =  lgE -  (4) 
The course coefficient of all structure courses is calculated by elastic modulus of each course, combining with the 
thickness of the structural course. According to the formula (1), the pavement structure index SN can be obtained. 
The course coefficient of some commonly used highway materials are listed in the Table 1. 
2.2. Traffic load index 
Traffic load is one of the important factors that lead to the decay of pavement structural function. The decay rate 
of pavement function is accelerated with the increase of traffic. A method of traffic load index is put forward to 
research the impact of traffic load on pavement function. 
Through the investigation and analysis of traffic load and pavement conditions of several Chinese samples 
highway, combined with the Specifications for Design of Highway Asphalt Pavement in China, the traffic loads are 
divided into 5 grades: light traffic, medium traffic, heavy traffic, special heavy traffic and very heavy traffic. As 
shown in the Table 2. The very heavy traffic is mainly suitable for freight transportation trunk highway that is 
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dominated by container vehicles, as well as freight transportation highway that is mainly dominated by bulk cargo 
transportation. 
Table 1. Course coefficient of commonly used materials 
Material The median compressive modulus in specification (MPa) Course coefficient  
AC-13C 1400 0.312 
AC-20C 1200 0.296 
AC-25 1000 0.280 
AC-30ĉ 1000 0.280 
SMA-13 1400 0.312 
SMA-16 1400 0.312 
ATB-25 1200 0.296 
Sup19 1200 0.296 
Sup25 1000 0.280 
Cement stabilized macadam 1500 0.025 
Graded crushed stone 225 0.147  
 
Table 2. Traffic load classification 
Traffic load level Very heavy Special heavy heavy medium light 
Cumulative truck 
traffic 
(pcu/d) 
6000 3000~6000 1500~3000 600~1500 < 600 
 
Pavement design service life is mainly characterized by cumulative traffic load. Different levels of traffic loads 
have different cumulative effect on the highway, so traffic load index is introduced to characterize the different 
effect of different load grade on the highway. 
Combined with the five levels of traffic loads, the reference base value of the light traffic load is 1, the ratios of 
the various grades of traffic load to light traffic load are referred to as the traffic load index, which is represented by 
TI. The formula is as follow˖ 
    /   TI each level traffic loads light traffic load   (5) 
Then, through the calculation of formula (5), 5 grades of traffic loads can be given different traffic load index. As 
shown in Table 3. Specific parameters can be obtained by interpolating according to the amount of the traffic load. 
 
Table 3.  Traffic load index of each grade 
traffic load level Very heavy Special heavy heavy medium light 
Traffic load index /TI 10~20 5~10 2.5~5 1~2.5 1 
2.3. Structure-traffic index 
Different traffic loads and pavement structure will affect highway’s function. Therefore, the study of the match 
between traffic load and pavement structure performance is important to the evaluation of pavement function. 
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Highways with good pavement structure performance and light traffic are not easy to produce disease, which can 
maintain a higher function level in a long time. Pavement with thin structure course bearing transportation volume is 
poor, and the disease will occur earlier when traffic is very heavy and overload, and the impact on pavement 
function is relatively serious. 
Therefore, the Structure-Traffic Index is defined as the match degree of traffic load level and pavement structure 
properties, which is represented by STI. That is, the ratio of pavement structure index and the square root of the 
traffic load index. 
STI = pavement structure index / traffic load parameter   (6) 
The small index value indicates that the function of the pavement structure is not sufficient to bear the actual 
traffic load and pavement performance will decay faster. The index value is large, then the function of the pavement 
structure can adapt to the heavy traffic load and pavement function will decay slower. Based on the large datum of 
highway maintenance costs in Yunnan province of China, the matching indexes of several samples of highway are 
summarized in the Table 4. The relation of STI and routine maintenance costs is shown in Figure 1.  
Table 4.  Matching index of highway traffic and pavement structure 
Highway 
name 
Cumulative 
truck traffic 
(pcu/d) 
Load level 
Traffic load 
indexes TI 
Pavement structure 
index PSI 
Structure-
Traffic Index 
STI 
Routine maintenance 
costs (million yuan / 
km) 
highway 1 584 Light 1 6.959 6.96 3.91 
highway 2 1833 Heavy 2.7 7.279 4.43 5.18 
highway 3 1359 Medium 2.3 6.959 4.59 5.78 
highway 4 2671 Heavy 4.3 7.804 3.76 6.32 
highway 5 4564 Special / heavy 7.5 8.712 3.18 6.78 
highway 6 1607 Heavy 2.6 6.108 3.79 7.32 
highway 7 2308 Heavy 3.8 7.069 3.63 7.41 
highway 8 1402 Medium 2.4 6.828 4.41 7.55 
 
Fig. 1.  The relation of STI and routine maintenance costs 
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3. The pavement performance prediction method based on the structure and load matching relation 
There are some researches on pavement performance prediction model. Among them, the most widely used 
model is [4]: 
1 exp b0PPI = PPI - - a / y^ >   @`   (7) 
In the formula (7), PPI refers to the pavement performance index (RQIǃSRIǃPSSI or their comprehensive). 
PPI0 refers to the initial pavement performance index. The parameter of y refers to the number of highway service 
life. The parameter of Į and ȕ refers to the influence relationship of the pavement structure and the traffic load.  
The model has the advantage that no matter how it changes the parameter ȕ, the curve is constant and through the 
point (Į,0.632PPI0). It means that when the pavement performance decreases to 0.632PPI0, the highway service life 
is Į years. 
Firstly, the formula takes the values of Į and ȕ based on the regression of the pavement performance index every 
year in one region. Then the parameters can be used in the prediction of the other pavement performance. However, 
with different highway structure and traffic loads, the pavement performance decays are different. When the PPI 
formula is used in the prediction of different pavement performance, it makes a significant effect on the result. 
In the view of the disadvantages of the calculation method before, the values of the parameters should be studied 
in depth. Because the values of Į and ȕ increase with the increase of the thickness of pavement structure, and 
decrease with the increase of the traffic load. As a result, if the pavement structure and the traffic load indexes were 
selected reasonably, the values of Į and ȕ would be expressed accurately. So, in this paper, taking Yunnan province 
highways for example in China, the influence of pavement structure and traffic load is considered, and then the 
method of the Structure - Traffic Index is put forward.  
3.1. Decay model of pavement smoothness based on the structure-load matching relation 
Pavement roughness has a direct impact on the highway quality. The decay model of pavement roughness can be 
determined by the study of the RQI (Road Quality Index). 
Through the investigation and analysis on the typical highways’ pavement condition in Yunnan province, the 
RQI decay law of different pavement structure under different traffic loads can be got, and get the value of Į and ȕ 
that correspond to structure- traffic load, then the equations of the structure-traffic load and the value of Į and ȕ are 
established by regression equation’s method [5]. Formula (8) and (9) are the equations. 
21.78 2.76 0.086a = - + * STI - * STI   (8) 
2  -0.98 0.76* -0.056*STI STIE     (9) 
The values of Į and ȕ can be calculated by formula (8) and (9), then get the relation between RQI and pavement 
structure, traffic load, as Formula (10). 
0
bRQI = RQI {1- exp[-(a / y) ]}
 (10) 
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Where RQI is Road Quality Index; RQI0 is the initial Road Quality Index; y is the number of highway service 
life; Į and ȕ are parameters that are related to structure-traffic index, which can be calculated by the formula (8) and 
(9). 
3.2. Decay model of pavement structure strength based on the structure-load matching relation 
Pavement structure strength can be characterized by PSSI (Pavement Structure Strength Index). In the study of 
decay law of pavement structure strength, the decay model can be established based on the decay condition of PSSI. 
Through the investigation and analysis on the typical highways’ pavement condition in Yunnan province, the 
decay law of PSSI of different pavement structure under different traffic loads can be got, and get the value of Į and 
ȕ that correspond to structure- traffic load, then the equations of structure-traffic load and the value of Į and ȕ are 
established by regression equation method. Formula (11) and (12) are the equations. 
2a = - 1.74 + 2.701* STI - 0.074* STI  (11) 
2b= -0.589+0.523* STI -0.029* STI  (12) 
The values of Į and ȕ can be calculated by formula (11) and (12), then get the relation between PSSI and 
pavement structure, traffic load. Formula (13) is the result. 
b
0PSSI = PSSI {1- exp[-(a / y) ]}  (13) 
Where PSSI is Pavement Structure Strength Index; PSSI0 is the initial Pavement Structure Strength Index. 
3.3. The decay model of the pavement skid resistance ability based on the loads times. 
The pavement skid resistance ability mainly related to the material structure and properties of the pavement 
course above. The decay of the pavement skid resistance ability is mainly affected by the traffic load. Based on the 
method of the traffic load, the decay law of SRI (the pavement skid resistance ability index) is got, which is affected 
by the traffic loads.  
The original model is also the formula (13). But at the moment, the major influencing factors to Į and ȕ are the 
traffic loads, and the relation to the pavement structure is very small. The greater the traffic load indexes, the smaller 
the values of Į and ȕ. So the traffic load indexes are adopted as the main influencing factors based on the analysis of 
the investigation of  the typical highway pavement conditions in Yunnan  province, the decay law of the pavement 
performance under different traffic loads and the values of Į and ȕ corresponded to the Structure -Traffic can be got. 
Then, through the method of regression equation, the equations are established corresponded to the traffic load 
indexes and the values of Į and ȕ. As the following formulas (14) and (15): 
 a = 19.506exp -0.15TI   (14) 
 b = 2.23exp -0.116TI  (15) 
By the formulas (14) and (15), the values of Į and ȕ can be calculated. And the relation between the pavement 
anti-sliding performance index and the traffic load can be obtained. So the SRI formula is as follows: 
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b
0SRI = SRI {1- exp[-(a / y) ]}  (16) 
Where SRI is the pavement skid resistance ability index; SRI0 refers to the initial pavement skid resistance 
ability index.  
The advantage of the pavement performance decay matched to Structure and Load Index is to avoid using the 
unified prediction model in predicting the pavement performance of different pavement structure types and traffic 
loads. Different Į and ȕ based on the different pavement structure types and traffic loads, and the 
pavement performance prediction models are established to match the pavement structure and ensure the accuracy 
of pavement performance prediction.  
4. The research of match routine maintenance costs associated with structure - traffic index 
Highway pavement performance will gradually decay with the highway service life. In order to maintain highway 
performance, routine maintenance costs need to be invested annually. The input of maintenance costs is related to 
the extent of damage to the pavement [6], whereas the traffic load and pavement structural condition directly affect 
the extent of damage. So, the relation is established between the structure - traffic index (STI) and the routine 
maintenance costs through the research of the traffic load and highway conditions. A new calculation method of 
highway routine maintenance cost is provided for Yunnan highway. 
The prediction model of expressway routine maintenance cost by investigating the highway in Yunnan region: 
 
Z = -3.881* Y1 - 1.628 * Y2 + 0.043* Y2* Y2 + 0.548 * 1.029 ^ Y3
+0.2* exp 2.763 - 1.219 / Y4 + 0.066 * Y5 + 29.343  (17) 
Where  Z--- routine maintenance costs(ten thousand / km); 
Y1--- number of lanes; 
Y2--- the width of subgrade(m); 
Y3---traffic volume(The proportion of trucks(%)); 
Y4--- the operation years from opening(year); 
Y5--- the ratio of bridge and tunnel(%) 
The damaged highway condition has a necessary link with the highway maintenance. So the decay model of 
pavement performance is used in routine maintenance costs. When PPI value is large, the highway conditions are 
better, and the cost of routine maintenance is lower. The relation between routine highway maintenance costs and 
the PPI is negative. Taking the ration of PPI0/PPI as a parameter, the larger its value is, the more maintenance costs 
needed to invest.  
Highway routine maintenance cost model: 
aZ = Zg{exp[(PPI0 / PPI) - 1]} c   (18) 
Where Z' represents the actual routine highway maintenance costs; Z is routine maintenance costs derived from 
the regression equation (17).  The parameter “a” is a related parameter. The advantage of this model (18) is that it is 
constant through the point (PPI0, Z). When PPI is the initial value PPI0, the highway does not require any 
maintenance, the result is 0. It is consistent with the actual maintenance situation. 
The value of PPI is related to the pavement structure - traffic index STI. The values of the parameter “a” are 
related to the pavement structure. The maintenance costs that different pavement structure maintain to recover the 
same service level are different, so it’s necessary to study the value of the parameter “a”. Since “a” is a parameter 
only related to the pavement structure, the value can be determined by a study of the relation with the pavement 
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structure index. A large number of studies have shown that STI = 2 ~ 4, a = 1; STI = 4 to 6, a = 1.1; while STI = 6 ~ 
8, a =1.2. Therefore, as long as the pavement structure - traffic index STI is calculated, the value of routine 
maintenance costs can be calculated easily and accurately. 
5. Conclusions 
Based on studies of Chinese highway conditions, the highway pavement performance estimates and routine 
maintenance cost model are studied, the following are conclusions: 
x The definition of pavement Structure-Traffic Index STI is proposed: the ratio of the pavement structure index SI 
and the square root of the traffic load indexes TI 
x Pavement performance estimation models are established, including the pavement roughness, the pavement 
structural strength and skid resistance ability 
x Based on the large datum of highway maintenance costs in China, the new highway routine maintenance cost 
model is proposed, and the parameters are number of lanes, the width of subgrade, the proportion of trucks, the 
operation years from opening, the ratio of bridge and tunnel 
x The modified routine maintenance cost model is proposed based on the Structure-Traffic Index STI 
The results also provide the reference to checking the investment for the highway routine maintenance in the 
future.  
6.  Recommendations for Future Research 
Routine maintenance costs prediction model is need to testify in the future.  Pavement structure - traffic index 
STI is also modified according to the large statistics datum.  
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